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Derelopnent  and  f^loetion^of  a  Lightweight 
Alueinue  liooeycoab  Case 
liontJily  Progress  'ieport  No.  9 

Csntleciea: 

ii^closed  is  the  report  describing  the  work  done  ot'.  the  mibject 
contract  during  the  eonths  of  'ieptenber  and  October,  ITb^t.  The  report 
vme  prepared  by  the  Advanced  Structures  Oroup,  ^eeearch  Wvlsion, 
liexeel  Products  Inc.,  Berieley  10,  California. 

Included  as  attactanents  are  (1)  Statement  of  nan  Hours  Expended  - 
'.eptenber  and  October,  I96I4,  (P)  Schedule  shoving  Current  Pr'>grea3  - 
^iept«iber  and  October,  196^,  and  (3)  .>chedule  siioving  ^ograra  of 
j^sulng  Activities  -  November  and  December,  196^*. 

Yours  very  truly, 

K.  C,  Vlcaro 
Research  Director 
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196J4 

t«Bt«d  dmrlim  the  acNitlw  of 
of  dosl0i  ehaniiM  and  tost 


tho'«Dorf]r  abaor^loo  eort 
vaa  ineraaaod  ttxm  17"  to  27*1/2"  aloac  tha  langth  of  tha 
caaa.  In  addition,  l6  loogitodlaal  alota  vara  cut  out  of 
tha  eora  aa  ahovu  in  figuraa  1  and  3* 

Aa  part  of  tha  vork  that  conatltutad  Caaa  9»  aavaral  rings 
of  honayeoab  vara  aaaafacturad  and  taatad  for  tha  purpoaa  of 
dataminiag  tha  diawnaiona  of  alota  that  vould  giva  tha  bast 
iq^aet  raspooaa  for  tha  antira  ease.  Thaaa  axa  shown  in 
Figure  3* 

2.  Caaa  llXL-10-^77:  Tha  alas  of  tha  slots  in  tha  anargy 

absorption  cora  was  Incraaaad  slightlj  orar  that  of  Caaa  9»  na 
shown  in  Pigora  2. 

In  all  othar  raspaeta,  Casas  9  Md  10  vara  Idantieal  with  Caaa 


RliPORT  OF  PnOOR!5?r, 
SEPTCMliEK  AMD  OCTOBER, 

Casas  9  and  10  vara  fabrieatad  and 
Saptaabar  and  Oetobar,  l9ob.  A  auBaaiy 
:asults  is  giaan  balov. 

DBaim  Hpdiflcntigia 

!•  Case  HXI#.9-^77:  Tha  anaxait  of 
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COrTTRACT  no.  DA-0i*-?00-A'!C-i*7T(A) 


Motion  pietiTM  wsre  talcen  to  prorldo  a  rlsual  raeord  of  the  ' 
onrlroDMotal  tasts  parforaad  on  Caaaa  8  and  10.  Th«  raoord  includes 
pleturaa  of  th«  equipMot  uaed  and  the  conduct  of  the  following  tests: 

1.  Caaa  MXL-d-477 

a)  taaparatara  shock 

b)  traasportatloii  t1  brat  ion 

2,  Caaa  HXL-10-lt77 

a)  hydroatatlc  praasure 

b)  Impact 

Hlfb  epaad  (POO  franaa/aeeood)  pictures  ware  taken  of  the  iapaet 
taata  to  better  Uluatrmta  the  craablnn  action  of  the  hooeyconb  core. 

Tact  Raaulta 

1.  Hydroatatic  Praeanra  laat; 

The  praaaure  test  vaa  not  parfoneed  on  Gase  9.  Case  lu  was 
tvlea  Bubjactad  to  an  axtamal  praaaure  for  a  deration  of  five  (3) 
ninutas.  At  the  eoafilatioo  of  preaaura  cycles,  the  case  was  filled 
vlth  afrproxinately  one  (1)  foot  of  water.  By  visual  inspection, 
it  was  detemined  that  the  leaks  vara  censed  by  poor  sealing  at 
the  electrical  connactor  and  the  locking  device  on  the  front  cap. 
Design  changer  are  belig  aade  on  Qase  11  to  correct  these 
deficiencies. 
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2,  IxDxct  -  Gral  Ooitatxi 

Tht  rMults  of  totit  on  Cnnof-  6,  7  aod  8  imdientnd  the 

need  for  deslpi  ehenflia  to  redaee  the  payload  raaponae  to  iapeet 
fm  aide  dropa.  In  addltioa^  the  pinobles  of  payloed  ribratioa 
within  the  emae  atraetnra  haa  MKie  it  necesaary  to  clarify  the 
■athoda  being  uaed  for  data  aequiaition  and  analyala. 

Vhen  the  payload  ia  dacalaratad  daring  lapact,  thn  total 
acceleration  eonaista  of  the  ana  of  the  raapcmae  to  the  forcing 
ftnetion  and  the  tranaient  flree  wlbration*  Since  the  payload-ease 
ayatea  is  eontlnooua  (as  oppoaad  to  a  laaped  panMOter  systaB)« 
the  free  ribration  ooaqxmant  is  eoapoaed  of  an  Infinite  Boq:BODee 
of  Btode  nhapes  and  frequeneieQ.  This  neons  that  the  total 
acceleration  experienced  by  the  payload  vlll  be  different  at  ©wary 
point  eren  though  the  response  to  the  forcing  function  is  approxl- 
aawly  the  soiae  ereryvhert. 

Tb  cope  with  this  situation ,  the  project  cogineera  at 
Picatinny  Arsenal  and  liaxcel  hare  agreed  that  the  following  criteria 
will  be  used  in  eraluatlng  the  case  desi^: 

1.  The  acceleration  of  the  payload  vlll  be  Manured  at  the 
Mounting  ring  and  at  the  free  end  of  the  payload  (see 
figure  ^). 

2.  Ihe  case  dcsiga  will  be  considered  satisfactory  with  regard 
to  iapact  response  if  the  feired  ralue  of  the  accelerotion-time 
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H«xc«l  Hesearch  CONTRACT  IJO.  DA-0l-2c)O-A''r-l»T7(  A) 

Reference;  6065 

relationship,  wasured  at  tlie  ooontlng  ring,  is  less  than  the 

contract  specification  (27  g's  laterally,  Ho  g's  axially). 

For  side  drops,  the  aTeragc  peak  ralue  of  the  faired  a-t  cunre 
(■casured  at  the  noonting  ring)  on  Cases  6  through  8  uas  33*3  g*s. 

In  an  effort  to  reduce  this  Talus  to  27  g*s,  icpact  tests  were  perforin^.*d 
on  several  rings  of  honeycoab  core  as  shown  in  figure  3.  Tests  ou 
ring  sclents  are  simpler  to  perform  snd  yield  eore  accurate  raeocure- 
■ente  than  testa  on  the  entire  case.  The  results  of  tests  on  the  rin/rn 
led  to  the  conclusion  that  the  acceleration  response  of  the  payload 
could  be  decreauied  by  increasing  the  amount  of  core  along  the  length  of 
the  cylinder  providing  there  was  a  means  to  reduce  the  crushing  strength 
of  the  hooeycooib  at  large  deflections.  Drop  tests  on  Cases  9  and  10 
demonstrated  that  this  eonclosion  was  correct. 

The  reasoning  behind  this  is  as  follows.  The  best  energy  absorber 
(for  this  application)  would  be  one  that  absorbs  energy  at  a  constant 
mte.  This  requires  a  honeyconb  configuration  that  crushes  wit>i  a 
cooatent  force,  a  coLdition  that  is  difficult  to  achieve  with  the 
iaoraaslng  area  that  results  free  crashing  a  cylindrically  shaned  ob.lect. 

Without  nodlficatioa,  i.e.  no  slots,  honeycomb  of  this  configuration 
yields  a  force^eflection  curve  where  the  force  Increases  almost 
linearly  vivh  deflection  until  the  total  kinetic  energy  is  absorbed. 

Tb  approach  the  ideal  more  closely,  sn  additional  10  lineal  inches  of 
honeycenb  were  added  to  the  case.  The  additional  honeycomb  increased 


Hexed  Research 
Reference:  6O65 


» 


OOtITRACT  HO,  DA-0l»-200-AMC-»» 77(A) 

the  total  crushing  force  at  small  deflections ,  while  the  slots 
weaken  tlte  core,  resulting  in  a  mre  nearly  constant  force  at  larger 
deflections.  These  relations  are  shown  below  in  Figures  a,  b  and  c. 


IREKOr  ABSORPTION  CORE 

FIGURE  a.  FIOUKE  b,  FIGURE  c. 
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Kexcel  RcMarch 
il»f«r«nce:  6065 


corrrRACT  no.  da-o^4-2oo-a?h:-»477(a) 


Typical  restilts  for  Caae  9  are  shown  In  Figures  5*  6,  7,  ^  and  0. 
for  all  drop  testa ,  the  acceleroMaters  were  mounted  as  shown  on 
Figure  'ITie  acceleration  reaponee  of  the  honeycomb  ring  shown  in 
Fl9ire  ^  cwae  clone'-  to  yielding  a  constant  force-de  fleet  Ion  relation* 
ship  than  any  of  the  other  rings  tested.  The  unit  loading  of  this 
ring  was  the  equlralent  of  27-1/?  inches  of  hcneyco-^-ib  on  the  full- 
length  ease* 

rigare  6  ahova  the  acceleration  response  for  Case  9,  drop  3  (9-3). 
Case  9  was  tested  without  skin  sad  end  caps  so  that  the  payload  response 
could  be  nore  easily  correlated  with  the  inpact  tests  on  the  honeyeoab 
rings. 

Figure  7  shoes  the  occelerstion,Teloelty  and  displacenent  responses 
for  both  trte  fixed  end  free  ends  of  the  payload  during  drop  9-3.  These 
were  obtained  by  double  integration  of  t^te  faired  acceleration-ti 
curve.  The  force-deflection  relationship  at  each  end  of  the  payload 
is  obtained  by  eliminating  the  prvraneter  tioie  from  the  a-t  relation¬ 
ship  and  the  displaceswnt-tine  relationship.  Tlie  force-deflection 
relationships  for  9-3  are  shown  on  Figure  8, 

Figure  9  is  a  comparison  of  various  force -<^e  fleet  ion  relationships. 
The  curve  labeled  "Parson's  '^ing"  was  supposed  to  give  the  sane 
response  as  the  "Best  Ring"  (from  Figure  5).  The  difference  In  response 
was  attributed  to  manufacturing  variations  in  the  shape  of  the  slots. 
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Also  thowB  ara  drops  1  mad  3  for  Cam  9«  Ooiiplita  rtculta  of  tho 
drop  toots  oo  Caso  9  ara  ohovn  in  Tabla  1.  Tha  awarafi  paak  yalaa 
of  falrad  a->t  eunra,  aaasarad  at  tha  ■ouatlng  ring,  was  26*0  g's  for 
1)  dropo. 

Thera  vert  no  and  dropo  or  adga  drops  parfomad  on  Qaoa  9* 

Tha  aecalaroaaters  vara  oountad  aa  ihova  oo  Figure 
Slda  !>opa:  Tha  avara^  paak  valvM  (for  3  dropo)  of  the  falrad 
a-t  curra  was  g*s  at  tha  aounting  ring  and  29*^  g's  at  the 
fraa  and  of  the  payload. 

End  Drops  I  The  paak  valaa  of  tha  faired  i^t  eorra  was  2U,2  g's, 
avaraga  for  2  drops. 

Edge  Drops  t  One  adgs  drop  vas  parfbmed,  ylalding  a  ■aslana  value 
of  16.5  g's  on  faired  a-t  eurre. 

Tha  results  of  all  drops  ara  shovn  on  Tabla  2. 


1.  Stataaant  of  non  hours  expanded  dcring  Saptanbar  and  October, 
196i». 

2.  Prograa  of  aotirltlas  during  Saptanbar  and  Oetobar,  196A. 

3^  Projaetad  schadola  of  aetiritlas  for  Iforenbar  and  Deceabar, 

j 

196»». 


cash:  HXL-^77 
SCALE:  1/3  - 
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KiroRE  5  '  ,  ACCEIJ{RATIO«  RK'POBSE  Of  HOSBTOO*®  WSG  *  * 

V«rtto«l  Calibration:  lU.6  g*s/ca  4 

^  zoo tai  .Q*li oration:  5  msacyca  ^ 

.  » 


nCURE  6  ,  ACCELERATIOB  iOESPOIlSE  CASE  9,  HAT  DROP  3 

Upper  Trace:  fixed  End  of  Payload 

Calibration  -  17.7  g'a/cn  and  3  maec/cB 
Lower  Trace:  Free  End  of  Payload 

Calibration  -  lb. 6  g's/ca  and  3  asec/ca 


-12- 


r/oui^E  a 


T| 


n 

n 

^  > 
o  < 


H  ^ 
I  C 

pi  ^ 


/d 

n 

m 


> 

r 

c 

n 


m  ^ 

Z  1/1 
D 


I 

n 

r 

fn 

n] 


I 

ni 


> 
n 
n 

n  ^ 
r  0 

n  2  ^ 

N 

> 

H 


m 

0 


D 


0 

2 


-I 

r 

m 


■n 

> 


_ 

l/l 

O 


OQ  n 
sj  C 

< 

I  n 


Cl 

r 

n 


H 

I 


n 

n 


A) 

;> 

n 

m 


hD 

r 

p>  0 


^  VJ 

>  n 

-1  > 

A 

I 

PI 


I 


COflTRACT  NO.  DA-04-200-A,MC-li77( A) 


Research 
fWf«r«nc*:  60L5 


ATTAGlh®:rP  MO.  1 

sTA■^B^eI^^  of  maw  hours  kipended 
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